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Introduction
Hyperlipaemia and fatty liver is a metabolic condition frequently seen in fat ponies (6, 10, 17) . The syndrome arises in a state of negative energy balance due to depression of feed intake associated with conditions such as parasitism, stress, or transportation (10) . Excessive mobilization of fat stores results in the accumulation of free fatty acids in plasma, causing overproduction of very low density lipoproteins (VLDL) by the liver (6, 14) . Common clinical signs are dullness and lethargy progressing to severe depression. Typical is a patient standing over a bucket of water while drooling (6) . A preliminary diagnosis can be based on the clinical signs together with the presence of opaque, milk-like plasma. Clinical signs occur when serum triacylglycerol levels exceed 500 mg/dl (7.14 mmol/l) (6, 11) . The prognosis of these patients is poor: about 65% die (13, 19) . Autopsy invariably shows a fatty liver (6, 10, 13, 14, 19) .
Treatment for ponies with hyperlipaemia consists of intravenous administration of heparin, insulin, and glucose (1, 8) . The aim of treatment is to promote the degradation of the accumulated VLDL particles by heparin-mediated stimulation of lipoprotein lipase. At the same time, lipolysis in adipose tissue is depressed by inhibition of hormone-sensitive lipase by administered insulin (1) . Glucose is given to prevent insulin-induced hypoglycaemia. This treatment rapidly lowers plasma triacylglycerol concentrations in hyperlipaemic ponies, but in spite of this correction many patients do not start eating again and die (1, 4) . In this context, it may be noted that heparin is a potent anticoagulant and the inherent dangers of its administration should be considered (19) . Gruels prepared from dried grass and mixed feed have been recommended for nutritional support of anorectic or hyperlipaemic patients. However, gruels and slurries are quite viscous and may be difficult to prepare and to deliver by tube (9) . The total amount of nutrients that can be delivered in this form is often less than that required by the patient. For maintenance, a pony of 200 kg needs approximately 2.5 kg commercial pellets or 3.5 kg grassmeal pellets per day. Considerable amounts of water are needed to sufficiently dilute these feeds so that they can be given through a nasogastric tube, which results in large volumes that have to be given each day, even in a pony. The resultant slurry can easily obstruct a tube during the feeding period. Alternatives include the more easily administered commercial liquid diets, which have been used for the nutritional support of hyperlipaemic and hypo-or dysphagic horses (5, 11, 16) . These include a low-fat, partially hydrolysed human enteral feeding preparation (Vital HN, Ross Laboratories, Columbus, Ohio), a high-protein isotonic human liquid diet (Osmolyte HN, Ross Laboratories, Columbus, Ohio), and complete and balanced diets for growing and adult horses (NutriFoal and NutriPrime, KenVet, Ashland, Ohio) (5, 11, 16 ) . Golenz et al. (5) and Moore et al. (11) have used such commercial diets as sole nutritional support for hyperlipaemic horses and concluded that enteral nutritional supplementation in combination with treatment of the primary disease is successful in reversing hyperlipaemia in miniature horses and miniature donkeys. The mean duration of nutritional supplementation in patients that recovered was 11.7 days; hyperlipaemia resolved after 7 days of supplementation (11) . The fat content of the human enteral feeding preparation used by Golenz et al. (5) was 9% on an air-dry basis. Moore et al. (11) used products with a fat content of 30, 42 and 15% for Osmolyte HN, NutriFoal, and NutriPrime, respectively. It is questionable whether fat administration to animals with a deranged lipid metabolism is appropiate. Fat feeding may increase the post-prandial plasma level of triacylglycerols whereas the aim of nutritional support is to decrease this level. Thus, we formulated a fat-free liquid diet for the treatment of hyperlipaemia. In this article, we describe the effect of this liquid diet in healthy ponies with fasting-induced hyperlipaemia and we report preliminary experience with this diet in the therapy of patients with hyperlipaemia.
Materials and methods
The experimental design was approved by the Animal Experiments Committee of the Utrecht Faculty of Veterinary Medicine. The ingredients of the supplement are glucose, casein, and a mixture of minerals, trace elements, and vitamins (Table 1) . Glucose is a rapidly usable energy source and triggers the release of insulin. The daily amounts of the nutritional supplement (Table 2) were given in relation to the requirements for maintenance. The energy requirements for ponies were based on the Dutch net energy (NE) system (3) and were 348 kJ NE/kg 0.75 . The protein requirement was set at 3 g digestible crude protein (DCP) per kg metabolic weight (3). The vitamin, mineral, and trace element levels of the supplement were based on the recommendations of the National Research Council (7). These levels might not be optimal for sick horses, but there is no more appropiate information. More work in this area needs to be done. The net energy content of glucose and casein for horses was estimated to be equal to the net energy in these feedstuffs for swine, i.e. 12.2 and 9.0 MJ NE, respectively (2). It was also estimated that, as in swine, the ileal digestiblity of casein woul be 95% in horses. The daily ration was divided into four equal portions. Each portion was dissolved in water (45 ml/kg of body weight) and given by nasogastric tube. Within 3 days, the amount was increased from 25% to 100% of maintenance requirements. 6 IU); 3.0 g cholecalciferol (300000 IU); 80 g dl-α-tocopheryl acetate (4000 IU); 0.9 g vitamin B 1 (purity 100%); 0.9 g vitamin B 2 (purity 100%); 0.9 g vitamin B 12 preparation (purity 0.1%); 0.2 g biotin (purity 100%) ; 482.12 g corn meal (carrier)
We tested the supplement in three healthy Shetland ponies. One pony (309 kg BW) was given the diet for 5 consecutive days, by nasogastric tube. No other food was given. Two other ponies (186 and 260 kg BW) were fasted for 8 and 9 days, during which time they had free access to water. A clinical check-up (rectal temperature, heart rate, respiratory rate, pulse, clinical signs of colic, diarrhoea and signs of founder) was performed daily. Blood was sampled daily, sampling being started 3 days before and continued until the end of the study. Samples were taken from the jugular vein and collected in evacuated tubes (Venoject R vacuum tubes, Terumo, Leuven, Belgium). The tubes contained NaF and K-oxalate (6.75 mg of each per 2 ml blood) for glucose determination or contained no additive. Glucose was determined immediately after blood collection. Plasma glucose, bilirubin, triacylglycerols, phospholipids, and cholesterol concentrations were analysed in plasma with commercial test combinations (Boehringer Mannheim GmbH Diagnostica, Mannheim, Germany). After the fasting period, the ponies were given the liquid diet through a nasogastric tube until the plasma triacylglycerol levels normalized. No feed other than the liquid diet was provided. Table 2 Daily amount of nutritional supplement and water for ponies with hyperlipaemia 1 The total amount should be divided into four portions that are given during the day.
The liquid diet was also used as part of the conventional therapy for 20 patients with hyperlipaemia. Conventional therapy consisted of intravenous administration of Ringer's solution and glucose (5 g/l), protamine zinc insulin (80 IU i.v. and 80 IU i.m.), and heparin (20000 IU i.v.) (12, 18) . The amount of Ringer's solution and glucose given depended on the hydration status of the patient. Unfortunately, it was not possible to treat the patients with nutritional support alone.
Results
The pony that received the liquid diet as sole source of nutrition for 5 consecutive days remained in good health. The amount of faeces produced was slightly reduced, but the consistency was normal. Feeding the liquid diet did not result in any apparent detrimental clinical, behavioural, or biochemical effects in the pony. All plasma values measured remained within the normal range.
After 8 and 9 days of fasting, the plasma triacylglycerol levels of the two ponies had increased from 0.15 to 8.5 and 3.4 mmol/l, respectively. Administration of the dietary supplement resulted in a rapid decrease to normal values of the plasma triacylglycerol level within 1 day (Figure 1) . After 2 or 3 days of the dietary supplementations it was stopped and only good quality hay was given. Subsequently, there was a rapid, relatively small increase in plasma level of triacylglycerols followed by a decrease. The plasma glucose level fell after fasting and increased after refeeding (Table 3) . Plasma bilirubin levels increased dramatically after fasting and cholesterol levels increased slightly. Table 3 Plasma levels of glucose, total bilirubin, and cholesterol in two Shetland ponies, before and after fasting for 8 or 9 days and after re-feeding. Of the 20 patients treated with conventional therapy plus the nutritional supplement, 12 died within 3 days of hospitalization. Causes of death were fatty degeneration of organs, ruptured liver, acute colitis, and myocardial necrosis. In several patients a considerable amount of sand was found in the caecum and colon. Figure 1 Time course of plasma triacylglycerol concentrations in two healthy ponies during fasting followed feeding of a liquid diet and hay. On arrival, plasma total lipid levels in the 20 patients varied between 13 -68 g/l (normal level 3-7 g/l). The 12 patients that died had lipid concentrations of 43 -68 g/l and the remaining eight patients had lipid concentrations of 16.3 g/l (12.7 -22 g/l). These levels decreased within several days after conventional treatment in combination with the liquid diet. The duration of nutritional supplementation in the eight patients that recovered ranged from 3 to 17 days. However, even after normalization of the plasma triacylglycerol level, five patients did not start eating and nutritional support had to be continued. In four patients recovery was accomplished after nutritional support for another 5-7 days. In one patient, a mini-Shetland mare (80 kg BW), the supplement was administered for a period of 13 days. This patient had a plasma level of total lipids of 15 g/l and of triacylglycerol of 30 mmol/l (normal level is 0.4 ± 0.2 mmol/l; 15) on arrival in the clinic, therapy with glucose, insulin, and heparin plus the nutritional support was started. On the first day 50% of the energy requirement was supplied and then increased in two days to 100%. On day 1, 90 g of supplement/ 900 ml water was administered 4 times; on day 2, 126 g / 900 ml water was administered 4 times; and on day 3, 180 g / 900 ml water was administered 4 times. Six days after arrival, the plasma triacylglycerol level was 2.6 mmol/l; however, the mare refused to eat. Table 4 Liver enzymes of a patient with hyperlipaemia before and during treatment. The liver enzymes were elevated at arrival and remained high after 4 days ( Table 4 ). Nutritional support was given for 13 days. After 12 days the liver enzymes had declined. To stimulate eating, the supplement was stopped 1 day later. Another 2 days later the pony started to eat by herself and a few days later she was sent home.
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Discussion
The succesfull treatment of hyperlipaemia requires reversal of the negative energy balance that has developed. This can be achieved by offering fresh grass or allowing the animal to graze. Those animals that are too ill to eat can be fed by stomach tube. Nutritional support reverses the negative energy balance, increases serum glucose concentrations, promotes endogenous insulin release, and inhibits mobilization of fatty acids from peripheral adipose tissue (11) .
Our studies with the three Shetland ponies showed that the new dietary supplement was well accepted, easy to prepare, readily administered via a small nasogastric tube, and caused no side effects. In experimentally induced hyperlipaemia plasma triacylglycerol levels are not as high as those seen in hyperlipaemic patients. Moreover, clinical manifestations of hyperlipaemia, such as depression and food refusal, are not seen in ponies with experimental hyperlipaemia; they are alert and willing to eat when food is offered. Thus, the efficacy of the liquid diet can only be tested in patients. In practice, there is reluctance to replace conventional therapy by an alternative therapy, and only under specific conditions. We have no experience with hyperlipidaemic patients treated with the conventional therapy and different diets or the liquid diet only. Our formula is currently used in the clinic and is preferred to previously used slurries made of horse-and grass pellets because the formula is easy to prepare and to administer. Because the slurry is likely to obstruct the nasogastric tube, a relatively small-diameter tube can be used, resulting in less discomfort and resistance to the procedure, which facilitates the feeding process. The survival of the hyperlipaemic horse depends for a great deal on when treatment is started after the beginning of the hyperlipidaemic state. Hyperlipidaemic patients arriving at the clinic are sent by their local veterinarians and most have been hyperlipaemic for several days. This may explain the high number of patients that died during our survey. We advise giving patients with hyperlipaemia nutritional support as soon as possible after the onset of hyperlipaemia not only to decrease the plasma level of triacylglycerols, but also to counteract the negative energy balance and prevent further tissue breakdown.
